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Thesis summary

The objectives behind undertaking the current research project as well as the relevant
findings associated with these objectives are listed below:

1) To purify midgut proteinases of H. armigera, study their basic biochemical
characteristics and interaction with proteinase inhibitors

Majority of the digestive proteinases in H. armigera are serine proteinases. Two such proteinases, HGP-1 and -2 having molecular weight 26.0 and 29.0 kDa, respectively, were partially purified by anion exchange chromatography. HGP-1 was categorized as an elastase-like proteinase based on its inhibition by elastatinal while HGP-2 was a trypsin-like proteinase as its activity was inhibited by TLCK. Both the proteinases showed the highest activity between pH 10.0-11.0. Over 90% of HGP-2 activity was inhibited by various plant PIs while activity of HGP-1 could be inhibited only by the wound inducible PIs, PIN-I and PIN-II. Chickpea PI, CPTI-2, inhibited 50% activity of HGP-2 while HGP-1 was completely insensitive to its inhibitory action. HGP-1 brought about degradation of CPTI-2 while the inhibitory activity of CPTI-2 remained intact after incubation with HGP-2. Further, HGP-1 and -2 were pre-treated with CPTI-2 or PIN-II. CPTI-2 failed to protect chickpea seed proteins from digestion while PIN-II offered protection to chickpea seed proteins from digestion by HGP-1 and HGP-2. HGP-1 was found to be an atypical elastase-like proteinase, involved in counteracting PI-based defense in chickpea.

2) To analyze and verify the inhibitory potential of PIs from seeds of bitter gourd
against H. armigera by in vitro and in vivo studies

PI from bitter gourd seed extract could inhibit 84% trypsin-like activity of HGP. It was found to contain four isoforms of PIs which had inhibitory activity against HGP. These isoforms were visualized with the help of GXCT. The two major isoforms, BGPI-1 and -2 were purified by preparative PAGE and gel elution. Both the PIs had a molecular weight of ~ 3.0 kDa, conforming that they belong to the squash family of
PIs. BGPI-1 and -2 could completely inhibit the activity of HGP isolated from H. armigera larvae fed on cotton as a host plant. After incubation with HGP, BGPI-1 was partially hydrolyzed to give rise to BGPI-2 like peptide which was resistant to further proteolysis and remained stable and active against HGP. Ingestion of BGPIs resulted in strong growth inhibition of H. armigera larvae as noted by the in vivo
feeding assay. BGPIs also brought about 30% larval mortality and 70% reduction in fertility of the female moths. Moreover, the second generation of the pest was completely halted as no neonate larvae could hatch out from the eggs. BGPIs were thus identified as strong growth inhibitors of H. armigera.
3) To isolate the coding DNA sequence for squash type PI(s) from bitter gourd and obtain the recombinant inhibitor protein by heterologous expression Due to the lack of nucleotide sequence information in the GenBank about bitter gourd PIs, the peptide sequence of McTI-II was used to design degenerate oligonucleotide primers. These primers were used for PCR amplification on bitter gourd genomic DNA template to obtain a DNA fragment coding for 25 out of 28 amino acids of McTI-II. Complete DNA fragment coding for McTI-II was obtained by PCR mediated addition of 9 bases to the 5’ end of the partial fragment. After DNA sequence analysis, the 84 bp fragment was cloned in to a yeast expression vector and transferred to competent Pichia pastoris cells. Transformants were selected and
confirmed by colony PCR and expression of recombinant McTI-II was assayed by GXCT. P. pastoris clone showing high expression of McTI-II was used for large-scale expression of the recombinant inhibitor. McTI-II was purified from P. pastoris culture supernatant by ammonium sulfate precipitation, followed by ultrafiltration and used for the in vitro and in vivo assays.
4) To assay in vitro inhibitory activity of McTI-II against commercial and insect gut proteinases as well as to probe its in vivo activity
Trypsin was inhibited at a molar ratio of 1:1 by McTI-II, while it did not inhibit chymotrypsin or elastase. Trypsin-like and total HGP activity of larvae grown on the artificial diet was strongly inhibited by McTI-II. Moreover, McTI-II inhibited total HGP activity of larvae fed on different host plants as well as those fed on PIincorporated diets indicating consistency in its inhibitory action against diverse HGPs. Diet-incorporated McTI-II brought about significant reduction in weight (~75%) as well as mortality (23%) in H. armigera larvae during the feeding studies. McTI-II thus demonstrated potent anti-metabolic activity towards H. armigera.
5) To isolate the coding DNA sequences for Kunitz type chymotrypsin inhibitor genes from winged bean, study their expression pattern in planta and obtain the recombinant inhibitor proteins by heterologous expression 

Based on the previous biochemical studies that identified PIs from winged bean seeds as strong inhibitors of HGP, attempts were made to isolate the PI genes. Oligonucleotide primers were synthesized using the nucleotide sequences of winged bean chymotrypsin inhibitors present in the Genbank. The putative genes were amplified by PCR using winged bean genomic DNA as a template. Sequencing of the amplified DNA fragments (~600 bp) followed by BLAST search and sequence
analysis revealed two putative genes; WCI2 which has been reported earlier and PtCI5, a novel gene. Expression pattern of WCI2 and PtCI5 in winged bean plant was studied using RT-PCR. Both of the genes were strongly expressed in seeds, which underlines the proposed role of PIs in defense against herbivorous insects. PtCIs were cloned in to a yeast expression vector and the constructs were used to transform competent cells of P. pastoris. Transformants were selected and confirmed by colony
PCR and expression of recombinant PtCIs was assayed by GXCT. P. pastoris clones expressing high amount of inhibitors were used for large-scale expression of PtCIs. 

The recombinant inhibitors were purified from P. pastoris culture supernatant by hydrophobic interaction chromatography (Phenyl-sepharose) and used for the in vitro and in vivo assays.
6) To assay in vitro inhibitory activity of PtCIs against commercial and insect gut proteinases as well as to probe their in vivo activity Recombinant PtCIs strongly inhibited bovine chymotrypsin at a molar ratio of 1:2 (inhibitor:enzyme), indicating the presence of two active sites on a single inhibitor molecule. PtCIs also inhibited the activity of bovine trypsin; but PtCI5 (63% inhibition) was a stronger inhibitor of trypsin than WCI2 (28% inhibition). WCI2 and PtCI5 inhibited the activity of HGP from larvae grown on artificial diet by 56% and 78%, respectively. PtCIs also inhibited the activity of HGPs isolated from larvae
grown on various host plants as well as those grown on artificial diets containing various plant PIs. Feeding studies on H. armigera showed 49% reduction in the average weight of WCI2 fed larvae at the fifth instar while PtCI5 brought about 56% reduction in weight of the fifth instar larvae. Both the PIs were thus observed to demonstrate potent anti-metabolic activity against H. armigera as observed by larval growth inhibition.
McTI-II, WCI2 and PtCI5 thus represent promising candidate PI genes for probable use in development of transgenic plants with enhanced defense against H. armigera. 

